The catalase-encoding gene (catB) is expressed strongly in Aspergillus oryzae. To identify the transcription regulatory elements involved in strong expression, we did promoter deletion analysis using -glucuronidase (GUS) as a reporter and an electrophoretic gel mobility shift assay (EMSA) systematically. The deletion 200-bp sequence from À1;000 to À800 in the 1,400-bp catB promoter caused a drastic decrease in GUS activity. In addition, EMSA implicated a 45-bp element from À1;000 to À956 containing cis-elements. According to detailed promoter deletion analysis, a region from À1;000 to À975, which contains putative heat shock element (HSE) and the CCAAT-box, was involved in strong expression.
Aspergilli are one of the most important fungi for useful enzyme production. Especially, Aspergillus oryzae is not only used in traditional Japanese foods such as sake and soy sauce, but is also used in homo-and heterologous protein production. Recently, the A. oryzae genome sequence was identified, 1) and post-genomic analysis such as transcriptome was done.
2) Gene expression analysis is very important in the transcriptome, but promoter analysis and determination of ciselements have not been well done. These analyses require much time, but the results are necessary not only for basic research but also for applications such as constructing strong promoters. 3, 4) Recently, we isolated the catalase-encoding gene (catB) from A. oryzae and found strong expression in various cultures. 5) In other Aspergilli catB homolog genes are well expressed, but it is difficult to determine their regulatory cis-elements in silico; although a catalase commonly involved in detoxification of active oxygen, it has been reported that regulatory cis-elements are different in spices, such as Saccharomyces cerevisiae, Schizosaccharomyces pombe, and H. sapiens. [6] [7] [8] Further, catB homolog genes such as the Aspergillus fumigatus cat1 gene are involved in Aspergillosis, 9) and hence to elucidate the cis-elements of catB promoter should be useful for understanding this disease. Hence we chose the A. oryzae catB promoter to analyze in this study.
Materials and Methods
Strains and growth conditions. The A. oryzae AON-2 strain, a niaD mutant derived from the A. oryzae OSI1013 wild-type strain, was used in all the transformation experiments by -glucuronidase (GUS) reporter assay. DPY medium (2% glucose, 1% peptone, Transformation experiments. A. oryzae AON-2 mycelia were grown in DPY at 30 C for 24 h and transformed as described previously. 10) Transformants were selected using Czapek-Dox medium containing sodium nitrate as sole nitrogen source.
Construction of catB promoter deletion mutants. The 10.7-kb A. oryzae integration vector pNGS1 used for promoter deletion analysis was derived from pUC119 (Takara Bio) and harbored the E. coli uidA gene (Stratagene, La Jolla, CA), the A. oryzae glaB termi- 0 ). The cdp primer contained an antisense nucleotide sequence between À20 to À1 of the catB promoter. The mutant promoter with site-specific deletion of 25-bp between À1;000 to À975 was prepared by a combined PCR method (Higuchi, 1989). The upper fragment (À1;400 to À1;000) was amplified by PCR using the pd1 and the pd12u primers (5 0 -CGATCTG-ATGTGGAACACTTTCTCCTGAAT-3 0 ), and the lower fragment (À975 to À1) was amplified using the pd12d (5 0 -AAGTGTTCCACATCAGATCGGGATGAGGCC-3 0 ) and cdp primers. To obtain the site-specific deletion promoter, the two PCR products were combined and subjected to a second PCR using the pd1 and cdp primers. Each promoter fragments were digested with PstI and/or SalI, and were individually introduced upstream of the uidA gene using these same sites in pNGS1.
-Glucuronidase (GUS) assay. A. oryzae transformants were cultured in 200 ml DPY at 30 C for 72 h with shaking. Preparation of cell-free extracts was done as described by Ishida et al.
12) The -glucuronidase activity of cell-free extract was measured according to Jefferson et al. 13) Protein concentration was determined using a protein assay kit (Bio-Rad Laboratories, Hercules, CA) with BSA as a standard.
Southern blot analysis. Preparation of genomic DNA from A. oryzae transformants was carried out as described Tsuchiya et al.
14) The entire 1.8-kb uidA gene fragment was used as a probe. A DIG-DNA labeling and detection kit (Roche, Basel, Switzerland) was used for signal detection.
Preparation of whole-cell extracts and electrophoretic gel mobility shift assay (EMSA). Whole-cell extracts were prepared from A. oryzae OSI1013 mycelia that were cultured in 100 ml DPY at 30 C for 24 h. 15) A double-stranded probe was prepared by PCR with a chemically labeled IRDye800 primer (5 0 -AATGTTGA-CTGGTTTCTTGGCAGCATCCCC-3 0 ) and a non-labeled primer (5 0 -GCCAATATTCTCGAAACGTCTCT-AGCATCA-3 0 ). A specific competitor was prepared by same method as both non-labeled primers. The coding region of the A. oryzae pgmA gene (+191 to +240, DDBJ/EMBL/GenBank no. AB032275) was used as a non-specific competitor. Whole-cell extracts and probes were incubated for 20 min at room temperature, as described by Toda et al., 16) and were then subjected to EMSA performed using a LI-COR 4200L DNA sequencer (LI-COR, Lincoln, NE).
17)

Results
Deletion analysis of the catB promoter Plasmids for promoter deletion analysis were obtained by insertions of the truncated catB promoter fragments into the pNGS1 to fuse the uidA gene. A series of sequential deletions at the 5 0 -end of the 1400 bp catB promoter was constructed. These plasmids were introduced into the AON-2 strain, and transformants were selected according to their ability to utilize sodium nitrate as sole nitrogen source. Transformants harboring a single copy of uidA gene were selected by the genomic Southern blot analysis (data not shown). Functional analysis of the catB promoter was performed on submerged cultures by measuring GUS activity. In the culture condition without hydrogen peroxide, deletion of the region from À1;200 to À1;000 caused a dramatic increase in GUS activity (Dels. 2, 3 in Fig. 1 ). Oppositely, deletion of the region from À1;000 to À800 caused marked decreases (Dels. 3, 4). A deletion from À800 to À600 (Dels. 4, 5) resulted in almost complete loss of activity. Deletions spanning the region from À600 to À200 (Dels. 5-7) were found not to affect GUS activity. In the culture condition containing hydrogen peroxide, deletions spanning the region from À1;400 to À1;000 had higher GUS activities than the first condition (Dels. 1-3), but deletions spanning the region from À1;000 to À200 (Del. 4-7) were not different in GUS activity.
Determination of protein-binding regions with EMSA EMSA was employed in order to determine the specific binding of intracellular factors to the transcription regulatory regions identified by promoter deletion analysis. The probe and a specific competitor for EMSA were designed to include part of the catB promoter sequence (À1;000 to À791). The partial competitors were synthesized so as to contain part (C1, À1;000 to À956; C2, À965 to À921; C3, À930 to À886; C4, À895 to À851; C5, À860 to À816; and C6, Whole cell extracts (WCE, 10 mg) and 100 fmol of DNA probe derived from the catB promoter region (À1;000 to À791) were mixed and incubated. The specific competitor (SP) and partial competitors (C1-6) were derived from catB promoter regions (SP, À1;000 to À791; C1, À1;000 to À956; C2, À965 to À921; C3, À930 to À886; C4, À895 to À851; C5, À860 to À816; and C6, À825 to À791). NS indicates nonspecific competitor. Either 10 pmol (lanes 3, 6, 9, 12, 15, 20, 23, 26, 29 , and 32), 5 pmol (lanes 4, 7, 10, 13, 16, 21, 24, 27, and 30), or 1 pmol (lanes 5, 8, 11, 14, 17, 22, 25, 28 , and 31) of the competitors were added. SB and FP indicate the shifted band and the free probe, respectively.
À825 to À791) of the promoter sequence. A stronglyshifted band (Fig. 2 , arrow adjacent to lane 2) was detected in the sample incubated with whole-cell extract. The shifted band was detected in the presence of the non-specific competitor, but disappeared upon addition of the specific competitor. While the short competitor, C1, inhibited formation of the shifted band, as did specific competitor, competitors C2 to C6 did not. These results clearly indicate that the 45-bp region from À1;000 to À956 was the target of the sequence-specific binding factors present in the whole cell extract. Other probes including the catB promoter sequences (À1;200 to À1;000 and À800 to À600) were designed. But no shifted bands were detected when these probes were used in EMSA (data not shown).
Detailed promoter deletion analysis of catB promoter Detailed deletion analysis was undertaken to confirm these results. Deletion of the catB promoter from À1;000 to À975 (Fig. 3, Del. 8 ) and the site-specific deletion (Del. 12) led to loss of GUS activity in both culture conditions, with and without hydrogen peroxide. Weak activity remained after deletion of the region from À1;000 to À975 and was not affected by further deletions up to À800 (Dels. 9-11). Theses results together those of the EMSA strongly suggest that the 25-bp region from À1;000 to À975 is the cis-regulatory element essential for strong expression and induction with hydrogen peroxide of the catB promoter.
Discussion
In the initial deletion analysis, the catB promoter was deleted by 200-bp systematically, since 200 bp is the maximum limitation length for a probe length in EMSA. This deletion analysis revealed three regulated regions.
The first region, from À1;200 to À1;000, was concerned with repression, the second region, from À1;000 to À800, was necessary for strong expression and induction with hydrogen peroxide, and the third region, from À800 to À600, contributed to weak expression. Each region concerned with regulation was more distant from the TATA-box or the translation start site, such as agdA gene promoter. 18) EMSA identified a region from À1;000 to À956 that contained cis-acting elements. Further, detailed promoter deletion analysis indicated that a 25-bp element from À1;000 to À975 was more important. In this 25-bp element, heat shock elements, (HSE, nTTCnnGAAnnTTCn) and a CCAAT-box, were found (Fig. 4) . It has beeen reported that the HSE and its binding protein heat shock transcription factor are highly conserved from yeast to humans. [19] [20] [21] It is well known that heat shock and hydrogen peroxide induces catalase gene expression in Aspergilli 5, [22] [23] [24] and other species, [6] [7] [8] 25) and that each catalase gene promoter has regulatory element for stress response. But the regulatory elements are different in species. There is Msn2 or Msn4 binding site in the S. cerevisiae catalase gene CTT1 promoter, 6) an element A and the Atf1 binding site in the S. pombe catalase Del. 12 -975 -1,000 gene promoter, 7) the multi CCAAT-box, and the Sp1 binding site in the human catalase gene promoter (DDBJ/EMBL/GenBank no. AB034940).
8) Considering these reports, in A. oryzae, HSE and the CCAAT-box have to do not only with strong expression and induction with hydrogen peroxide but also with a different regulation mechanism of catB in comparison with other species.
In Aspergilli, the catB gene and its homologs are highly conserved and are thought of as housekeeping genes. 5) These genes are regulated by the same mechanism as the glyceraldehyde-3-phosphate dehydrogenase gene. 17) When the catB gene and its homologous promoters from Aspergillus fumigatus, A. nidulans, A. niger, A. terreus, and A. flavus are compared, two highly conserved motifs were found in addition to HSE (Fig. 5) . The first motif, a CGGAGT-box, which is consistent with the S. cerevisiae transcription factor Adr1p binding motif GG(A/G)G, 26) was located in the first region, from À1;200 to À1;000, which was concerned with repression. In the A. oryzae genome data base, an Adr1 homolog gene was found (AO0900230-00650, http://www.bio.nite.go.jp/dogan/Top). The Adr1 homolog gene had high similarity to the DNA binding domain, but no similarity to the activation domain. Further, a DNA binding region and other regions were swapped structurally as compared with Adr1 gene, so it is thought that the Adr1 homolog gene and its binding CGGAGT-box are concerned with repression of the catB gene. In the third region, from À800 to À600, which contributed to weak expression, a second motif, an ATTACCAAG-box, which was not consistent with any already-known motifs, was located. But neither motifs was detected in EMSA, and a method such as detailed promoter deletion analysis is necessary to identify these motif functions. Since HSE and the two putative motifs were conserved and aligned sequentially in Aspergilli, the catB gene homolog, including A. fumigatus cat1 gene, were regulated the same as A. oryzae catB gene in this study. 
